T HE MAIN concept of this study was to assess the potentiality of hydrolytic enzymes as virulence factors for Aspergillus species during aspergillosis infection process. Forty Aspergillus species were isolated from medical (15 isolates) as well as environmental isolates (25 isolates) from soils, outdoor and indoor environments. Extracellular proteases, phospholipases and esterase activities were measured. The pathogenicity of some Aspergillus species was in vivo assessed. It was represented in mean survival times, mortality percentages, fungal counts in different organs, and histopathological examination of lung tissue. The expression levels of protease, phospholipase and esterase genes were studied by real time PCR. Four physiologically significant isolates were selected out of forty and were identified up to molecular level. Aspergillus ochraceus fm90 recorded the highest pathogenicity as represented by mortality percentages and mean survival times of mice, while A. flavus fm90 was the least pathogenic one. Expression of genes of protease, phospholipase and esterase was found to be greater in A. ochraceus fm90 than in A. flavus fm90. It can be concluded that pathogenicity is probably related to physiological (enzymatic) activities of the isolates. Also, variation in expression levels of protease and phospholipase genes in A. ochraceus fm90 and A. flavus fm90 could denote their possible involvement in the pathogenicity process.
Introduction
Aspergilli are common soil fungi found in great numbers in dust and decomposing organic matter and release huge amounts of spores which comprise 25% of total airborne fungi in the atmosphere (Raper & Fennell, 1965) . They are opportunistic molds responsible for aspergillosis which is a variety of infections with different conditions. These displays comprise diseases that range from allergic responses to the organism (allergic bronchopulmonary aspergillosis), to colonization with Aspergillus spp. (aspergilloma or fungus ball) and invasive infection (Kauffman et al., 2011) . A greater number of patients are at risk for invasive aspergillosis leading to the increased number of cases of this disease. Human immune deficiency syndrome patients, those with hematologic malignancies, such as acute myelogenous leukemia, and patients undergoing allogeneic hematopoietic stem cell transplantation are at highest risk for developing invasive infection (Walsh et al., 2008 and Patterson et al., 2000) .
To understand the pathobiology of Aspergillus, this would need analysis of the putative fungal virulence factors that enhance growth and/or survival in the lung environment, as well as the awareness of the immune factors containing Aspergillus in the immunocompetent host which can be weakened by immunosuppressive treatments, triggering invasive aspergillosis (Latgé, 2001) . Depending on the immunologic status of the host, inhalation of Aspergillus conidia can initiate different clinical aspergillosis forms (Xess et al., 2004) . There is no distinctive key virulence factor for the progress of this fungus in the patient and its virulence is polygenetically controlled. There is a group of molecules and genes that were reported to be related to the virulence of this fungus. This includes toxins (fumagilin, helvolic acid, and Asp-haemolysin), and enzymatic proteins as alkaline serine proteases (Alp and Alp2), dipeptidyl-peptidases (Dpp IV and Dpp V), phospholipase B (Plb1 and Plb2) and phospholipase C (Rementeria et al., 2005) . (1) Botany and Microbiology Department, Faculty of Science, Cairo University, Giza, Egypt; (2) Clinical and Chemical Pathology Department, Faculty of Medicine, Cairo University, Giza 12613, Egypt. The present study aimed to isolate Aspergilli from various environmental habitats as well as from patients. The aim was extended to measure the extracellular phospholipase, esterase, and protease activities. In addition, the pathogenicity of some Aspergillus species was assessed in vivo. Moreover, the expression levels of genes representing the studied enzymes were evaluated.
Hydrolytic Enzymes as Probable Virulence Factors For

Materials and Methods
Environmental isolates
Soil samples from different localities (Dar ElSalam (Cairo), Zamalek area (Cairo), Giza Zoo (Giza), Kasr El-Einy Hospital (Cairo), and Cairo University (Giza)) were collected and cultured on Czapek-Dox agar medium (g/L): Sucrose, 20; NaNO 3 , 2; K 2 HPO 4 , 1; KCl, 0.5; MgSO 4 .7H 2 O, 0.5; FeSO 4 .7H 2 O, 0.01 and agar, 20. Streptomycin (30μg/ml) was added to the above medium after sterilization and cooling using soil dilution plate method (Johnson et al., 1960) . Air samples were collected from indoor and outdoor environments of buildings suspected with fungal contamination, such as Microbiology Laboratory in Kasr-Eleiny Hospital (Cairo, Egypt) and from an administrative office at Zamalek area (Cairo, Egypt) at which fungal deterioration of some building materials occurred associated with health problems to some of the immunocompromised building occupants. Indoor samples were collected from settled dust and building materials samples on sterile cotton swabs from desks, deteriorated wooden floor and air conditioner's filter inside the administrative office at Zamalek area. Air borne Aspergilli were isolated using settle plate method adopted by Hoekstra et al. (2000) . Swabs samples were cultured on plates containing sterile Sabaroud's agar medium (which contained (g/L): Sucrose, 20; peptone, 10 and agar, 20) . All plates were incubated for 5 days at 30°C to be isolated, purified and identified. Plastic plates (9cm diameter) containing sterile Sabaroud's agar media are placed out door (outside the window) with covers open for one hour, plates were then closed and incubation was performed for 5 days at 30°C for further isolation, purification and identification.
Clinical isolates
Clinical samples culture from patients admitted to Kasr-Eleiny Hospitals, Cairo University suffering from Aspergillus infection (invasive aspergillosis). Samples were sputum, endotracheal aspirate and tissue specimens. Tissue specimens were saved in sterile 0.9% NaCl saline if transport is being delayed. Samples from other body sites (e.g.; nail, body fluid, discharge …etc.) were also collected under sterile conditions for further culturing and examination.
The developed fungal colonies identification up to the species level was accomplished according to morphological characters and microscopic examination (Raper & Fennell, 1965) .
Enzymatic activities of the isolated Aspergillus species
Phospholipases Phospholipase activity assessment was done for the studied isolates using plate method (Price et al., 1982) , with modifications. Modified Sabroud-Dextrose Agar Medium (g/L): Glucose, 40; peptone, 10; NaCl, 58.4; CaCl 2 , 5.5 and agar, 20 was prepared, and then autoclaved at 121 o C and 1.5 bars for 20min. Sterile egg yolk was centrifuged at 5000rpm for 30min, after which 20ml of supernatant was added to the cooled medium and dispensed into 9cm plates. Using sterile spore buffer, a spore suspension (10 8 spore/ ml) was prepared from 7 days old culture for each of the test isolates. Each plate is then inoculated with the spore suspension of the test isolate in a pore (1cm diameter) made at the center of the plate using sterile cork borer and incubated for 5 days at 30 o C. then they were examined for the formation of precipitation zone around the colonies. A halo precipitant surrounding the colonies was measured on day five, the ratio of colony diameter to colony diameter plus precipitation zone and expressed as (PA) value was used to evaluated phospholipase activity: PA = For induction of extracellular esterase secretion, yeast extract peptone glucose (YPG) broth medium (g/L): Glucose, 20; peptone, 20; yeast extract, was used after sterilization by autoclaving at 121 o C and 1.5 bars for 20min. After addition of the organisms spore suspension (10 8 spore/ml) to a flask containing 100ml of growth medium, shaken at 150rpm at 30 o C for 5 days and at the end of incubation period, filtration is done using Whatmann filter paper and the filtrate is used to test for extracellular esterase activity.
Esterase activity was measured colorimetrically using 1-naphthylacetate as substrate. The fungal filtrate (2ml) was incubated with 0.5ml of 1.06mM substrate and 2ml of 10mM phosphate buffer saline (PBS), pH 7.5, at 30 o C for 90min. The reaction termination was done by the addition of 0.5ml of sodium dodecyl sulfate solution (10%) and 0.5ml of 0.2% fast blue R.R salt solution were added. Absorbance was read at 540nm 20min after adding the dye. Under the assay conditions, Specific esterase activity (mg 1-naphyhol released/ml of fungal filtrate/hour) was calculated using 1-naphthol standard curve (Khosravi et al., 2008) .
Proteases
For the induction of protease secretion modified Czapek-Dox medium (g/L): Sucrose, 30; casien, 10; K 2 HPO 4 , 1; KCl, 0.5; MgSO 4 .7H 2 O, 0.5; FeSO 4 .7H 2 O, 0.01 was used after sterilization by autoclaving at 1.5 bars and 121 o C for 20min. After inoculation of each organism (10 8 spore/ml) to a flask containing 100ml of growth medium, the flask was shaken at 150rpm at 30 o C for 5 days. At the end of incubation, filtration was done using Whattman filter paper and the filtrate is used to test for extracellular protease activity (Coral et al., 2003) .
The protease activity was assayed according to Lovrien et al. (1985) with little modification. The reaction mixture containing 0.5ml of 1% (w/v) casein in Tris buffer (pH 7.5) and 50μl of enzyme was incubated at 40°C for 30min. The reaction was stopped by addition of 12% (w/v) trichloroacetic acid (TCA) and the precipitate was removed by centrifugation at 10,000rpm for 5min (Coral et al., 2003) . Amino acids liberated from casein hydrolysis are then estimated using ninhydrin (Kendall, 1963) .
Specific proteases activity (mg amino acids released/ml of fungal filtrate/hr) was calculated using glycine standard curve.
Molecular identification of Aspergillus isolates
Aspergillus species identification was then verified using nuclear ribosomal DNA internal transcribed spacer (ITS) sequencing. Genomic DNA was isolated using the protocol of GeneJet Plant genomic DNA purification Kit (Thermo) # K0791 (http://www.thermoscientificbio.com/). Internal transcribed spacer (ITS) region of 5.8S rRNA was amplified using the primers ITS1 (5´TCC GTA GGT GAA CCT TGC GG 3´) and ITS4 (5´TCC TCC GCT TAT TGA TAT GC 3´). Sequencing of PCR amplified product was performed at GATC Company (Germany). The resulting sequence was entered into the BLAST algorithm of (NCBI) National Centre of Biological Information database for obtaining phylogenetic sequences which are closely related. MEGA 6 software was used to construct phylogenetic trees. Sequence which was obtained then submitted to the GenBank of (NCBI) National center for biotechnological information database. For each isolate, a strain identifier and an accession number were given.
Experimental aspergillosis in mice
Pathogenicity of both the statistically highest and lowest enzymatically active species selected from both environmental and medical sources was in vivo assessed by murine model of infection.
The experimental design was approved by The Institutional Animal Care and Use Committee (IACUC) at Faculty of Science, Cairo University, which is organized and operated according to the World Organization for Animal Health (OIE) and Guide for the Care and Use of Laboratory Animals 8 th edition 2011 and was given an IACUC Permit Number: CUFS, F, Microbiology, 47,1.
Fifty female albino mice weighing 18 to 20g were housed in ten groups (5 mice in each group) into the cages. Under hygienic conditions, the mice were supplied with sterile drinking water containing 500μg/ml chloramphenicol.
Infection by test isolates of aspergilli
Immunosuppression was done by subcutaneous injection of 5mg hydrocortisone acetate on days -4, -2, 0, 2 and 4 of infection.
Control groups (1&2) were injected by sterile saline solution (0.85% NaCl).
One ml (10 8 spores/ml) of spore suspension prepared from 5 days old culture of the selected isolate on Sabroud's medium using sterile spore buffer was injected in mice via intraperitoneal route (Chhabra & Dhakad, 2008) .
Ten groups were designed as follows: Group 1: Negative control (normal mice injected with saline).
Group 2: Negative control (immunosuppressed mice injected with saline).
Groups 3, 5, 7 and 9: Normal mice infected with the most enzymatically active medical isolate, the least enzymatically active medical isolate, the most enzymatically active environmental isolate and the least enzymatically active environmental isolate, respectively.
Groups 4, 6, 8 and 10: Immunosuppressed mice infected with the most enzymatically active medical isolate, the least enzymatically active medical isolate, the most enzymatically active environmental isolate and the least enzymatically active environmental isolate, respectively.
Survival times and Mortality percentages of infected mice were monitored. Mice were observed daily for 4 weeks post inoculation. Dead mice were dissected and their lungs (left), livers and kidneys were removed. The number of colony forming unit (CFU) in various organs was determined by homogenizing in phosphate buffer saline pH 7 and plating 0.1 ml on 9cm Petri dish containing sterile Sabouraud dextrose agar then incubated at 30ºC (Khosravi et al., 2012) . After incubation, colonies were counted and expressed as CFU/corresponding mean survival time.
The lungs (right) were fixed in 10% formalin. Sections were stained with hematoxylin and eosin to observe damage of tissue (Kothary et al., 1984) .
Gene expression assessment by real time PCR
The rate of gene expression can be quantitatively detected by measuring the amount of RNA by real time PCR. Forward and reverse primers were designed for amplification of protease (alkaline serine protease, PR1), phospholipase (lysophospholipase, Plb1), and esterase (lipase/ serine esterase) genes using PCR. Designing primers was performed using the software DNAstar. Table 1 lists the sequences of these primers.
RNA was extracted using TRIsure™ RNA extraction kits (http://www.bioline.com/). Using RNA template, cDNA synthesized using SensiFAST™ cDNA Synthesis Kit (http://www. bioline.com/). Conventional PCR was used to ensure that all primers were specific for the selected genes. Electrophoresis of PCR product was performed in 1.5% agarose gel for 1.5hr at 7.0V/cm 2 and stained by 0.5g/ml ethidium bromide. SensiFAST™ SYBR® No-ROX One-Step Kit (http://www.bioline.com/) was used to perform real time PCR. The obtained Regression curves were used in comparing gene expression levels in the isolates tested.
Statistical analysis
The data presented were means of three replicates. The SPSS 20 software was used in determination of least significant difference (LSD).
LSD was calculated using One-Way ANOVA: Post Hoc Multiple comparisons at 99% confidence interval (probability of error P= 0.01). Standard error was given.
The Duncan method then displayed means for groups in homogenous subsets, where means followed by the same letters are non-significantly different from one another while means which are followed by different letters are considered significantly different from one another. 
Results
Sample collection and isolation
A total of 40 Aspergillus isolates were obtained, (15 clinical and 25 environmental. The 15 clinical isolates were isolated from fifteen patients with aspergillosis, while the 25 environmental isolates were isolated from soils at different sites (16 isolates), out and indoor environments (9 isolates).
Screening for extracellular enzymatic activities
Screening for extracellular phospholipase activity
In the current study, it was noticed ( Table 2 ) that 21 isolates (52.5%) of the total 40 isolates were phospholipase-positive. Maximum phospholipase production was achieved by Aspergillus species isolated from Aspergillosis patients; 11 isolates out of 15 isolates (73.3%). For environmental isolates, 6 isolates of Aspergillus species isolated from soil out of 16 isolates (37.5%) were phospholipasepositive positive. While for outdoor and indoor isolates, 4 isolates representing 44.4% of the total environmental isolates (9) were phospholipasepositive.
Screening for extracellular esterase activity
In this study, Table 2 reveals that positivity of esterase activity was found in 34 isolates of the total 40 isolates (85%). maximum esterase occurrence was noticed for Aspergillus species isolated from aspergillosis patients; 14 isolates out of 15 isolates (93.3%). For Aspergillus species isolated from soil, 12 isolates out of 16 isolates (75%) were esterase positive, while for out and indoor isolates, 8 out of 9 isolates (88.8%) were esterase positive.
Screening for extracellular protease activity
Protease enzyme was positive in a total of 27 out of 40 isolates (67.5%); 13 out of 15 clinical isolates (86.7%), 7 out of 16 isolates (43.8%) from soil and in 7 out of 9 isolates (77.78%) from out and indoor isolates ( Table 2 ).
Molecular identification of the selected Aspergillus species
Both the statistically highest and lowest enzymatically active isolates were selected from both environmental species and those isolated from patients for further characterization such as molecular identification, assessment of pathogenicity in vivo and testing gene expression of some pathogenicity related genes.
Between The most enzymztically active isolates, Aspergillus ochraceus isolated from patient no. 14 (from medical source) and Aspergillus oryzae isolated from a wooden desk in an office with fungal infection outbreak (from environmental source) were selected.
Aspergillus flavus isolated from patient no. 15 (from medical source) and Aspergillus terreus isolated from Cairo University soil (from environmental source) were selected from the least enzymatically active isolates.
Identification of the four selected Aspergillus species was further confirmed using nuclear ribosomal DNA internal transcribed spacer (ITS) sequencing. The PCR products were 541, 481, 481 and 541 bp for A. ochraceus, A. flavus, A. terreus and A. oryzae, respectively. The traditional Sanger technology and the new 454 technology were combined for sequencing the PCR products. The obtained nucleotide sequence was deposited in NCBI GenBank and were each given a strain identifier, A. ochraceus fm90, A. flavus fm90, A. terreus fm90, and A. oryzae fm90 with accession numbers MF284669, MF284670, MF284671, and MF284672, respectively. The phylogenetic tree was constructed (Fig. 1) to show sequence alignment with available sequences from NCBI data bank
In vivo assessment of Aspergillus species pathogenicity
In the present study, the experimental design was approved by the Institutional Animal Care and Use Committee (IACUC) at Faculty of Science, Cairo University and was given an IACUC Permit Number: CUFS, F, Microbiology, 47, 15.
It was indicated from mean survival times along with mortality percentages of hydrocortisonetreated groups (Table 3 ) that the most virulent tested isolate was A. ochraceus fm90 isolated from medical source with mortality percentage up to 50 % and mean survival time up to 2.75 days, followed by A. oryzae fm90 from environmental source with mean survival time 11.50 days and mortality percentage 40%. A. terreus fm90 from environmental source which caused mean survival time 12 days and mortality percentage 20%, came next. Then finally A. flavus fm90 isolated from medical source gave mortality percentage of 0% and mean survival time of 30 days. 
Determination of CFU/corresponding mean survival time in different organs
It is worthy to mention that the fungal burden represented as (CFU/corresponding mean survival time) in hydrocortisone-treated mice is greater in liver or kidneys or both than that of untreated mice infected by the same isolate. As an example for mice infected by A. ochraceus fm90, CFU/corresponding mean survival time in liver of untreated mice was 489.0 CFU/day while it rose to 10193.32 CFU/day in hydrocortisonetreated mice infected by the same isolate. The same applied for A. terreus fm90 as CFU/ corresponding mean survival time in liver and kidneys of untreated mice were 2976.1 and 1833.3 CFU/day, respectively, while it rose to 13000 and 3750 CFU/day, respectively in hydrocortisonetreated mice. This indicates that hydrocortisone treatment deteriorated the host's immunity and thus the infection became more disseminated.
Histopathological examination
In the current work, lung infection of the dead mice was further examined histopathologically (Fig. 2) . Infected lungs sections were formalin fixed for histological study. The fixed tissues were embedded in paraffin wax and stained with hematoxylin and eosin (H&E) for light microscopical examination. Thus disease symptoms such as bronchioectasia (permanent enlargement of parts of the airways of the lung), leucocytic cells infiltrations (Infiltration is the diffusion or accumulation in a tissue or cells of foreign substances or in amounts in excess of the normal), congested capilleries and hemorrhages were encountered.
Evaluation of some virulence genes using SYBR Green real-time PCR
Specificity of the primers From the results reached in the experiment, the most pathogenic A. ochraceus fm90 (isolated from a patient) and the least pathogenic A. flavs fm90 (isolated from a patient) were chosen for studying the expression levels of protease (alkaline serine protease, PR1), phospholipase (lysophospholipase, Plb1), esterase (lipase/serine esterase) and Asp-haemolysin genes.
Agarose gel analyses of conventional PCR products from in vitro cultures are shown in Fig. 3 . A single band of the expected size shown in Table  1 (181, 143, & 150bp for esterase (lipase/serine esterase), protease (alkaline serine protease, PR1), and phospholipase (lysophospholipase, Plb1), respectively) for all primer pairs was observed when using cDNA of A. ochraceus and A. flavus as a template (Fig. 3) . Protease (alkaline serine protease, PR1), phospholipase (lysophospholipase, Plb1), esterase (lipase/serine esterase) and Asp-haemolysin genes expression were tested by Real Time PCR (qPCR) in normal growth conditions for A. ochraceus fm90 and A. flavus fm90 (Table 4 and Fig. 4 ). Reactions are characterized by the PCR cycle where the target amplification is first detected. This value is usually referred to as cycle threshold (C t ). C t is the time at which fluorescence intensity is greater than background fluorescence. Consequently, the greater the quantity of target DNA in the starting material, the faster a significant increase in fluorescent signal will appear, yielding a lower C t . A threshold cycle (C t ) under that of negative control sample indicated a positive result.
For both phospholipase and protease genes, the highest expression level was observed in Aspergillus ochraceus fm90 while it was unexpressed in Aspergillus flavus fm90 compared to negative control sample according to C t values (Table 4) . Esterase expression was only detected in Aspergillus ochraceus fm90 (C t = 29.93) wich is less than that of negative sample (C t = 34.83), while no fluorescence was detected for Aspergillus flavus fm90.
Weak expression of Asp-hemolysin was detected in Aspergillus flavus fm90 (C t = 34.28) while it was unexpressed in Aspergillus ochraceous (C t = 36.55) which exceeds C t value of negative control sample (C t = 34.83). 
Discussion
Aspergillosis is considered the most important opportunistic disease for immunocompromised patients (Garcia-Vidal et al., 2008) .
Enzyme production is a factor that participates in the virulence process, which plays an important role in the pathogenicity of pathogenic organisms (Schaller et al., 2005 ).
In the current study, highest phospholipase and Esterase occurrence were achieved by Aspergillus species isolated from patients with Aspergillosis. 12 out of 15 (80%) and 14 out of 15 (93.3%), respectively. Protease was positive in 86.7% (13/15 isolates) of Aspergilli isolated from patients with Aspergillosis, while was positive only in 43.8% (7/16 isolates) of Aspergilli isolated from soil and was detected in 77.8% (7/9) in isolates from air samples (outdoor and indoor).
In this respect, Birch et al. (2004) compared environmental and clinical isolates of A. fumigatus and variations in production were observed, where clinical isolates were more significant producers of phospholipase C than environmental isolates.
In close relation with this study, Raksha & Urhekar (2017) tested proteinolytic activity of Aspergillus isolates (total 750 samples, were included, 350 and 400 samples from patients and environment, respectively). Proteinolytic activity was seen in 87.17% of patient's samples as compared to 41.02% of environmental samples, the authors also studied virulence factors (α-amylase, lipase, proteinase, pectinase, phospholipase and haemolysin) in both patients and environment Aspergillus isolates. However, number of positivity in environmental samples is less than those of patient samples. It appeared that virulence factors are inherently present in environment samples and active in small percentage for survival in environment. But on entry in human tissues, their activity is increased to resist the unfavorable condition, defensive mechanism of human bodies which tries to destroy the microorganisms. Hence, for survival in human tissues, the virulence factors activity is geared up to oppose human protective mechanisms. The current study considered analyzing the relation between some enzymatic activities (phospholipase, esterase, protease) of the isolated Aspergillus species and their potential in causing Aspergillosis in mice. Also, comparing results of isolates from environmental sources and from patients causing aspergillosis was examined. Accordingly, four Aspergillus isolates with highest and lowest enzymatic activities were chosen from both environmental and patient sources. It was found that Aspregillus oryzae isolated from indoor environment along with Aspergillus ochraceus isolated from patient no. 14 achieved the highest enzymatic activities while both Aspergillus terreus isolated from Cairo University soil and Aspergillus flavus isolated from patient no. 15 were the least enzymatically active isolates. So those isolates were first selected and identified at the molecular level to test their pathogenicity.
To study the relation between the enzymatic activity of an isolate and its pathogenicity, the selected isolates mentioned before were injected in mice and observed for 4 weeks to determine percentage of mortality and mean survival time. Only dead mice were dissected and fungal counts in lung (left), kidneys and liver were determined along with histopathological examination of lungs.
It was indicated from mean survival times along with mortality percentages of hydrocortisonetreated groups that the most virulent tested isolate was A. ochraceus fm90 isolated from medical source with mortality percentage up to 50% and mean survival time up to 2.75 days, followed by A. oryzae fm90 from environmental source with mean survival time 11.50 days and mortality percentage 40%. A. terreus fm90 from environmental source which caused mean survival time 12 days and mortality percentage 20%, came next. Then finally A. flavus fm90 isolated from medical source gave mortality percentage of 0% and mean survival time of 30 days.
In the present study, it was found that fungal burden in lung tissue (Table 3) is inversely proportional to mean survival time of the mice. In general, it was detected that fungal burden in kidney tissue is inversely proportional to that of liver.
In agreement with this study, the results of Anand et al. (2015) revealed that the cortisone administration enhanced the mice susceptibility to the Aspergillus spp spores. Systemic spread following lung infection or direct extension from paranasal sinuses could cause invasive aspergillosis in such organs as kidneys, brain etc.
Similarly, Mirkov et al. (2014) performed histological lung tissue examination after 1 and 7 days of infection. The results showed inflammatory responses characterized by interstitial widening and perivascular leukocyte infiltration at both time points following infection.
From the present study, A. ochraceus fm90 (from a medical source) and A. oryzae fm90 (from an environmental source) were the highest chosen enzymatically active isolates and they both were more pathogenic than A. flavus fm90 and A. terreus fm90 which were the least enzymatically active isolates from medical and environmental sources, respectively. It can therefore be deduced that there was a direct relation between enzymatic activities of an Aspergillus isolate and its virulence regardless of its source of isolation (medical or environmental). Therefore, enzymes can be considered as virulence factors.
It was thought advisable to study the gene expression levels of the tested enzymes in this study of the highest (A. ochraceus fm90) and lowest (A. flavus fm90) pathogenic isolates from the mice infection experiment in this work.
As indicated by C t values (Table 4) along with gel electrophoresis of the real-time PCR products (Fig. 4) , it was found that expression levels for each of protease (alkaline serine protease, PR1), phospholipase (lysophospholipase, Plb1) and esterase (lipase/serine esterase) genes were expressed with a higher level in the most pathogenic tested isolate (A. ochraceus fm90) than in the least pathogenic one (A. flavus fm 90 MF284670). These results were in accordance with the physiological tests for enzymatic activities which suggest the implication of those genes in the virulence of this isolate. For the single isolate A. ochraceus fm90, it was found that the highest expression level was achieved in phospholipase gene which means that phospholipase is implicated in virulence of this isolate to a greater extent than other enzymes, followed by protease and then esterase. These observations are in accordance with the tested enzymatic activities and pathogenicity experiment. Figure  4 depicts the PCR products of genes protease (alkaline serine protease, PR1), phospholipase (lysophospholipase, Plb1) and esterase (lipase/ serine esterase) for Aspergillus ochraceus fm90 and Aspergillus flavus fm90. The expected sizes of real time PCR products were 143, 150, 181 bp for protease (alkaline serine protease, PR1), phospholipase (lysophospholipase, Plb1) and esterase (lipase/serine esterase), respectively (Table 1) for both Aspergillus ochraceus fm90 and Aspergillus flavus fm90. The resulted sizes (Fig. 4) were approximately similar to the expected sizes. However, esterase (lipase/serine esterase) was only detected in case of Aspergillus ochraceus fm90.
In this respect, Zhang et al. (2005) stated that in A. fumigatus, various virulence factors have been recorded including, pksP, fos-1, rhbA, cpcA, lysF, and pabA each of which is required for murine IA (invasive aspergillosis). If a gene is expressed during infection at higher levels compared to in vitro cultured fungus, this observation may mean that the gene plays a role in virulence, this was proven by some studies.
Conclusion
A close relation can be deduced between enzymatic activity and pathogenicity of the tested isolates in vitro. Based on the results of biochemical assay of enzymatic activities of the selected Aspergillus species along with the in vivo pathogenicity experiment and finally evaluation of genes expression level by realtime PCR, it appears that phospholipase and protease can be considered as potent virulence factors used by the most pathogenic tested Aspergillus isolate (A. ochraceus fm90) as they were expressed to a higher extent than in A. flavus fm90. It can also be concluded that both medical and environmental Apergillus isolates can be pathogenic, so pathogenicity is not related to the source of isolation and it is rather related to its physiological (enzymatic) activity. And this in turn considered a risk calling for attention along with public awareness as humans are exposed daily for considerable amount of fungal spores from environmental habitats.
To combat invasive aspergillosis (IA), some protective procedures should be followed. These include constructing periodic survey studies of invasive aspergillosis local epidemiology. Regular checks should be considered for the fungal burden in hospitals. The Centers for Disease Control and Prevention guidelines recommended highefficiency particulate air (HEPA) filter systems for immunocompromised patients. Such high risk patients should wear HEPA masks when exposed to dust as recommended by Centers for Disease Control and Prevention (CDC, 2007) .
